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PROCEEDINGS 

OF THE 

AMERICAN PHYSICAL SOCIETY. 

MINUTES OF THE FIFTY-NINTH MEETING. 

AREGULAR meeting of the Physical Society was held at the Kent Chem
ical Laboratory of the University of Chicago on Saturday, December 2, 

1911. President W. F. Magie presided. 
The following papers were presented: 
Rays of Positive Electricity from the Wehnelt Cathode. CHAS. T. KNIPP . 
Spontaneous Negative Potential of Alkali Metals. JAY W. WOODROW. 
The Charges on Thermions Produced in Air and Hydrogen at Atmospheric 

Pressure. (By title.) J. C. POMEROY. 

The Effect of Prolonged Illumination on the Photo-Electric Discharge in a 
High Vacuum. R. A. MILLIKAN and J. R. WRIGHT. 

An Absolute Determination of the Minimum Ionizing Energy of an Electron, 
and the Application of the Theory of Ionization by Collision to Mixtures of 
Gases. EDWIN S. BISHOP. 

Current Produced by Light in a Metallic Film. (By title.) P. A. Ross. 
The Production of Light by Cathode Rays. GORDON S. FULCHER. 

The Electron Theory of Metallic Conduction. (By title.) O. W. RICHARD
SON. 

The Kerr Magnetic Rotation for Transverse Magnetic Fields. L. R. 
INGERSOLL. 

The Spectrum of Titanium in a Partial Vacuum and the Proportionality of 
Displacement to Pressure at Moderate Pressures. WALTER S. ADAMS and 

HENRY G. GALE. 

The Effect of Temperature upon the Hydrogen Spectrum as Produced by 
Alternating Current. HARVEY B. LEMON. 

A Study of the Reversible Pendulum. (Second Paper.) (By title.) J. C. 
SHEDD and J. A. BIRCHBY. 

An Analytical Investigation into the Cause of Instability in Certain Varieties 
of Light-sensitive Selenium. F. C. BROWN. 

Experiments on the Loss of Heat by Hot Bodies through Gas Conduction 
and Convection. (By title.) ChAS. F. LORENZ. 

The Oscillatory Discharge of a Leyden Jar. R. R. RAMSEY. 
A Method of Measuring the Effective Capacity of High Tension Cables. 

G. W. STEWART and D. M. TERWILLIGER. 
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Electro-static Induction in Long Lines. CARL KINSLEY. 

Application of the Potentiometer Method to the Determination of the Curve 
of Decay of the Counter E. M. F. of the Aluminium Rectifier. C. W. GREEN. 

Measurement of Inductances and Capacities with the Thomson Double 
Bridge. (By title.) S. J. BARNETT. 

An Oscillographic Method of Plotting Hysteresis Curves. N. H. WILLIAMS. 
Effect of Frequency on the Capacity of a Condenser with Kerosene for the 

Dielectric: and the Limits of the Wheatstone Bridge in Measuring Small 
Capacities. S. HERBERT ANDERSON. 

On the Value of the Sparking Potential below Minimum Sparking Potential. 
CARL ENGLAND. 

A Determination of the Ratio of the Specific Heats for Air and Carbon 
Dioxide. H. W. MOODY. 

The Pressure Coefficient and Specific Heat of Kerosene. (By title.) R. R. 
RAMSEY. 

The Intensity Factors in the Binaural Localization of Sound. G. W. 
STEWART. 

The Restored Positive Thermionic Current from Hot Platinum as Caused by 
Sodium as an Impurity. F. C. BROWN. 

The Number of Ions Produced by an Alpha Particle from Polonium. T. S. 
TAYLOR. 

On the Production of a Helix of Rays from a Wehnelt Cathode. CHAS. T. 
KNIPP . 

Upon request, President Magie informally reported upon the present status 
of negotiations between the Society and the PHYSICAL REVIEW. 

The meeting adjourned at 5 P.M. 
G. W. STEWART, 

Secretary pro tern. 

MINUTES OF THE SIXTIETH MEETING. 

A JOINT meeting of the Physical Society with Section B of the American 
Association for the Advancement of Science was held in Washington, D. C , 

December 27-30, 1911. The presiding officers were President W. F. Magie, of the 
Physical Society, and Vice-President R. A. Millikan, of Section B. At the session 
of December 30, both presiding officers being absent, E. B. Rosa was made tempo
rary chairman. All sessions were held at the National Bureau of Standards. 

During the morning session of Thursday, December 28, the presidential address, 
on "The Primary Concepts of Physics," was delivered by President W. F. Magie. 
During the afternoon session of the same day the vice-presidential address of 
E. B. Rosa, retiring chairman of Section B, was delivered, the subject being "The 
Work of the Electrical Division of the Bureau of Standards." 

Following the presidential address the remainder of the morning session of 
December 28 was devoted to a symposium on " Ether Theories," led by A. A. 
Michelson. Messrs. E. W. Morley, A. G. Webster, W. S. Franklin, D. F. Corn-
stock and G. N. Lewis took part in the discussion. 
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The Thursday sessions, which were in charge of the officers of Section B of the 
American Association for the Advancement of Science, also included addresses 
by H. A. Wilson on " The Structure of the Atom," and by S. W. Stratton on " Physi
cal Work at the Bureau of Standards." 

The Annual Business Meeting was held on December 29. In the absence of 
Mr. Ames the treasurer's report for the year ending December 1, 1911, was read 
by the secretary. The report is printed at the close of these minutes. 

Tellers being duly appointed by the president the ballots cast for officers and 
members of the council were counted and the following were declared elected: 
President, W. F. Magie; Vice-President, B. O. Pierce; Secretary, Ernest Merritt; 
Treasurer, J. S. Ames; Members of the Council, H. A. Bumstead, Theodore Lyman. 

On behalf of the council the president reported progress in the consideration of 
a plan for the publication and control of the PHYSICAL REVIEW by the Society. 

The secretary announced that two amendments to the constitution had been 
proposed, as follows: 

1. To amend Article IV. of the Constitution so as to read as follows: 
The officers of the Society and all those who have at any time held the office of 

president of the Society, together with eight other members to be elected in the 
manner specified in Art. V., shall constitute a Council, which shall have general 
charge of the affairs of the Society. 

2. To amend Article V. of the Constitution so as to make the first paragraph read 
as follows: 

1. The officers of the Society and other members of the Council shall be elected 
by ballot at the Annual Meeting of each year. An official ballot shall be sent to 
each member at least one month prior to the Annual Meeting, and such ballots, if 
returned to the Secretary in envelopes bearing the names of the voters, shall be 
counted at the Annual Meeting. At least two months before the Annual Meeting 
the secretary shall send to each regular member of the Society a request for 
nominations, specifying what vacancies are to be filled. The names of all those 
who are nominated by not less than two members shall be printed on the official 
ballot. The official ballot shall also contain a name proposed by the Council for 
each vacancy, with blank spaces in which the voter may substitute other names. 
A majority of all votes cast in person or by mail shall be necessary to election. 
In case of failure to secure a majority for any office, the members present at the 
Annual Meeting shall choose by ballot between the two having the highest number 
of votes. The term of office shall be one year for officers and four years for other 
members of the Council, and until their successors shall be elected. No member 
shall be elected as President more than two years in succession. No elected member 
of the Council, having completed a term of four years, shall be reelected until at 
least one year shall have intervened. 

It was voted to recommend to the next meeting of the Society, at which meeting, 
in accordance with Article VI. of the Constitution, the proposed amendments will 
come up for final action, that the first be adopted. A similar motion in the case 
of the second proposed amendment was laid on the table. 
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At the close of the meeting a vote of thanks to the scientific staff of the Bureau 
of Standards for the hospitality shown the Society was unanimously adopted. 

The following papers were presented: 
An Important Practical Problem in Gyrostatic Action. W. S. FRANKLIN. 
A Relation between the Magnetic Hysteresis and the Tensile Strength of a 

Series of Iron-carbon Alloys. (Read by title.) C. W. WAGGONER. 
Relation between the Joule Effect and the Permeability in the Same Specimens 

of Steel. S. R. WILLIAMS. 

A Magnetic Test as a Means of Determining Flaws and Mechanical Strains in 
Iron and Steel. CHAS. W. BURROWS. 

The Electrical Resistance and the Polarization E.M.F. of a Mixture of Clay, 
Feldspar, and Quartz. A. A. SOMERVILLE and O. E. BUCKLEY. 

A Kinetic Theory of Gravitation; Some Explanatory Remarks on my Paper of 
Last Year. CHARLES F. BRUSH. 

Some Diffraction Photographs. MASON E. HUFFORD. 
Demonstration of Linear and Surface Thermopiles of Bismuth and Silver. 

W. W. COBLENTZ. 

The Vertical Temperature Gradient of the Atmosphere. WM. R. BLAIR. 
A Modified View of Electronic Conduction. WALTER P. WHITE. 
The Application of Statistical Principles to Photoelectric Effects and Some 

Allied Phenomena. (Read by title.) O. W. RICHARDSON. 
The Velocity-distribution Curves of Electrons Liberated by Different Sources 

of Ultra-violet Light, and the Bearing of these Curves on the Planck-Einstein 
Theory. R. A. MILLIKAN. 

A Study of Crystal Rectifiers. R. H. GODDARD. 
The Half-value of the Radioactive Deposit Collected in the Open Air. F. A. 

HARVEY. 

Distribution of Current in Point-plane Discharge. ROBT. F. EARHART. 
The Influence of Temperature on the Phenomena of Phosphorescence in Zinc 

Sulphide. H. E. IVES and M. LUCKIESH. 

On the Free Vibrations of a Lecher System using a Lecher Oscillator, II. F. C. 
BLAKE and CHAS. SHEARD. 

The Thomson Effect in, and the Thermal Conductivity of Tungsten, Tantalum, 
and Carbon at Glowing Temperatures. A. G. WORTHING. 

The Effect of the Electrical Discharge on Solids and Liquids Suspended in Air. 
W. W. STRONG. 

A Quantitative Measure of Development in Scientific Observation. OTTO 
STUHLMANN, JR. 

Elastic Hysteresis in Metal Bars. A. G. WEBSTER and T. L. PORTER. 
Evidence that the Velocity of Light is Independent of the Motion of the Source. 

D. F. COMSTOCK. 

The Specific Heat of Wood. FREDERICK DUNLAP. 
The Spectra of Iron and Titanium at Moderate Pressure. W. S. ADAMS and 

H. G. GALE. 
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On the Relation between Pressure Displacement and Wave-length. W. S. 
ADAMS and H. G. GALE. 

The Spark Spectra of the Alkaline Earths in the Schumann Region. THEODORE 
LYMAN. 

A Convenient Device for Obtaining a Steady High Potential for Electrometer 
Work. A. H. FORMAN. Introduced by J. S. SHEARER. 

The Form of C02, S02, and NH3 Crystals. H. E. BEHNKEN. Introduced by 
J. S. SHEARER. 

A New Method of Photographing Sound Waves. A. L. FOLEY and W. H. 
SOTJDER. 

Another Instrument for Photographing Sound. A. G. WEBSTER. 
The Influence of the Natural Periods of Concentrating Horn and Diaphragm 

upon Sound Wave Records, and the Quantitative Analyses of Tones from Several 
Musical Instruments. D. C. MILLER. 

The Expansion of Water below o° C. J. F. MOHLER. 
Demonstration of the Resonance Spectrum of Iodine in Vacuo and in Helium. 

R. W. WOOD. 

Slit Width Corrections in the Photometry of Black Body Spectra. E. P. HYDE. 
The Effect of Temperature on the Absorbed Charge in Electric Condensers. 

ANTHONY ZELENY. 

The Influence of Neighboring Conductors upon a Klemencic Receiver of Electric 
Waves. A. D. COLE. 

The Absorption of Beta Rays by Gases. A. F. KOVARIK. 
The Absorption of Gamma Rays of Radium by Air at Different Pressures. 

H. A. ERIKSON. 

Poynting's Tangential Method for Showing the Existence of Radiation Pressure 
an Assumption Unwarranted by Experiment. R. A. WETZEL. 

A New Type of Curve Drawing Instrument and Controller Mechanism. M. E. 
LEEDS. 

The Silver Voltameter as a Precision Instrument. E. B. ROSA. 
Recent Work with the Silver Voltameter. G. W. VINAL. 
The Dielectric Constant, Specific Resistance, and Electrostatic Absorption of 

Crystals. H. L. CURTIS. 

A New Type of Apparatus for Measuring Linear Expansion. ARTHUR W. GRAY. 
Temperature Influence upon the Refraction of Quartz, Boro-silicate Crown 

Glass, and Dense Flint Glass, from ioo° C. to —1900 C. F. A. MOLBY. 
The Thermo E.M.F. of the Nernst Filament. J. S. SHEARER. 
The Transmission of the Active Deposit of Radium in an Electric Field. E. M. 

WELLISCH and H. L. BRONSON. 

Diffraction Gratings with Controlled Groove and Anomalous Distribution of 
Intensity. Illustrated with Experiments. R. W. WOOD. 

Further Investigations with the Radiant Emission from the Electric Spark. 
R. W. WOOD. 

A New Type of Neutral Double Potentiometer. WALTER P. WHITE. 
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Note on the Ascensional Rate of the Free Balloons used for Meteorological 
Purposes. WM. R. BLAIR. 

A New Form of Vacuum Pump. J. JOHNSTON. 
A Simple Dynamical Example of the Genesis of an Integral Equation. A. G. 

WEBSTER. 

A New Way to Determine g. A. G. WEBSTER. 

On the Effect of Close Electrostatic Coupling on the Free Period of a Lecher 
System. F. C. BLAKE and CHAS. SHEARD. 

Poynting's Theorem and the Equation of Electromagnetic Action. (Read by 
title.) W. S. FRANKLIN. 

A Simple Slit for the Spectroscope. (Read by title.) J. P. NAYLOR. 
The Applicability of the Planck Equation to the Radiation from Tantalum and 

Tungsten. (Read by title.) E. P. HYDE. 
The Emission of Light by Hydrogen Canal Rays. G. S. FULCHER. 
A Sensitive Vacuum Thermal Couple and Method for Producing High Vacua. 

A. H. PFUND. 

On Magnetic Rays. (Read by title.) L. T. MORE and E. G. RIEMAN. 

The Wave-lengths of Neon. I. G. PRIEST. 

The Electric Discharge from Pointed Conductors. JOHN ZELENY. 
Ellipticity and Rotation in Optically Active Solutions. L. B. OLMSTEAD. 
The Language of Meteorology. C. F. TALMAN. 

The Joule Thomson Effect in C02. E. S. BURNETT. 
On the Theory of the Hysteresis Loop of Iron. J. KUNZ. 
The Photo-electric Effect in Phosphorescent Materials. G. A. BUTMAN. 
An Absolute Determination of the Coefficient of Viscosity of Air. L. GILCHRIST. 
Adjourned at 1:30 P. M., Saturday, December 30. 

ERNEST MERRITT, 

Secretary. 

TREASURER'S ACCOUNT FOR THE YEAR 1911. 

Disbursements far Year 1911. 
Executive expenses: 

President, mileage $ 16.80 
Secretary, office expenses 100.00 

mileage 56.84 
Treasurer, office expenses 50.00 

Stationery, printing and postage: 
Orders of Secretary 189.66 
Orders of Treasurer 46.00 

Subscriptions to Journals: 
PHYSICAL REVIEW, 574 members 1,722.00 
Science Abstracts "A," 568 members 1,420.00 
Science Abstracts " B," 34 members 68.00 

Repayment of Error in check 2.00 
Payment for Science Abstracts " B " for 1910 2.00 

$3,673.30 
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Receipts for Year IQII. 

Annual dues, 554 members1 .$3,323.71 
Paymen t s for Science Abstracts " B " 68.00 
En t rance fees, 9 members 27.00 
Interest and exchange 28.23 
Er ror in check 2.00 

$3,448.94 

Deficit for year 224.36 

$3,673.30 
Summary. 

In bank December 1, 1910 $ 833.53 

Received, back dues 8.00 
Received, dues in advance 6.00 
Received, old accounts 394.00 

$1,241.53 

Less deficit 224.36 

Balance in bank December 1, 1911 $1,017.17 

Summary of membership: Honorary 6 
Life 16 
Regular and Associate 554 

Tota l 576 
(Of the regular members, two did not wish the journals.) 

J O S E P H S. A M E S , 

Treasurer. 

I have examined the receipts and the vouchers for the expenses, as stated 
in the above account; and I have verified the bank balances, and found all 
the accounts correct as given in the report of the Treasurer. 

J. A. A N D E R S O N . 

T H E EFFECT OF PROLONGED ILLUMINATION ON PHOTO-ELECTRIC DISCHARGE 

IN A HIGH VACUUM.2 

B Y R. A. M I L L I K A N AND J . R. W R I G H T . 

IN this paper attention will be confined to the effect of illumination upon 
potential-photocurrent curves, although it has been found that there are 

other factors which influence these curves much more profoundly. A consider
ation of these other factors will be presented in a subsequent article. 

In work previously reported3 it has been shown not only that in a very high 
vacuum prolonged illumination with ultra violet light produces no fatigue 
effects such as characterize photo-electric phenomena in gases, but that marked 
increases both in the quantity and the velocity of electronic discharge result 
from such illumination. It was suggested that these effects were probably 

1 One member is in arrears $0.29. 
2 Abstract of a paper presented a t the Chicago meeting of the Physical Society, Dec. 2, 1911. 
3 Millikan, P H Y S . R E V . , 30, p. 287, 1910. See also Millikan and Winchester, P H Y S . R E V . , 

29, p . 85, 1909. 
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due to the removal by the light of some kind of a surface film, presumably of 
occluded gas. Since then v. Baeyer and Gehrts1 and Hughes2 have obtained 
results which they have interpreted in a similar way. 

A much more complete study of the effect of illumination has now been 
made in the best attainable vacua and under conditions which preclude the 
possibility of a contamination of the surfaces by mercury vapor. The metals 
experimented upon were aluminium, platinum, copper, gold, zinc, and steel. 
The powerful source of light was a spark furnished by zinc electrodes fed by 
twelve Leyden jars which were excited by a twelve-inch Scheidel coil used as 
a transformer, on a sixty cycle 100-volt A. C. circuit. Before and after each 

Fig. 1. 

period of illumination a complete potential-discharge curve was taken, the 
potentials of the illuminated metals varying from —16 to + 1 6 volts. This 
curve was taken with the aid of a small, constant spark-source. The photo-
currents in all cases increased markedly with illumination throughout the full 
length of the curve. The figure shows some results obtained with platinum. 
These are typical of the curves obtained with all the metals. The apparatus 
was not well suited to the accurate determination of the positive potential 
necessary to prevent entirely the escape of electrons, since the effects due to 
reflected light are unusually large, as can be seen from the large negative 
ordinates corresponding to the higher retarding potentials. Nevertheless 
it can be seen from the platinum curve that this potential is in this case more 
than + 1 5 volts since at this point the curve has not yet become parallel to 
the axis of potentials. 

When the potential on the metals was - 1 5 volts the photo-cur rents from the 
six metals before and after illuminations of from ten to seventeen hours' duration 
were as follows. 

1 v. Baeyer u. Gehrts, Verh. d. Deut. Phys. Ges., 12, p. 877, 1910. 
«A. W. Hughes, Cambridge Phil. Soc. Proc, 16, p. 167, 1 9 " . 
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Photo-Current. 
Metal. Before. After. 

Al 1.88 7.72 
Pt 5.42 8.14 
Steel 3.09 5.50 
Cu 1.72 2.77 
Zn 37 3.46 
Au. . 28 1.85 

In all cases save that of copper a rest of from 24 to 48 hours caused a decrease 
of from 10 to 30 per cent, in the photo-currents, though there was in general 
no return to the initial values. Copper, however, showed a different behavior. 
Its initial photo-current at —15 volts was 1.72; nine hours of strong illumination 
brought it up to 2.77; after a rest of twelve hours it had risen to 3.41; and after 
a rest of 30 days it was 4.26. 

Preceding experiments in a tube from which mercury vapor had not been 
excluded, while showing all of the increases with illumination shown above, 
did not show the subsequent changes with time, though these were carefully 
looked for, particularly in the case of copper. 

In all of these experiments the tubes and method of observing were similar 
to those used previously by Millikan and Winchester.2 

UNIVERSITY OF CHICAGO, 
November 15, 1911. 

T H E PRODUCTION OF LIGHT BY CATHODE RAYS.1 

BY GORDON S. FULCHER. 

IT seems clear now that light is emitted by an atom or molecule usually 
only as a result of the shock accompanying a sudden change of electrical 

condition, ionization or neutralization. In the case of any one gas, there are 
several groups of spectrum lines which may be emitted independently; for 
instance, the spark lines of nitrogen are quite different from the bands obtained 
under different conditions. The difficulty, however, is to determine which 
electrical state of the gas molecule is responsible for each group, since the phe
nomena occurring in the case of an ordinary discharge through a gas are so 
numerous. An attempt has been made to secure simpler conditions by causing 
cathode or canal rays to pass out of the region through which the discharge 
was going. A fine hole was made in the anode or cathode, and the fine lu
minous beam of rays issuing from it was used as a line source of light, taking the 
place of the slit of the spectrograph. Thus only the light actually produced 
in the direct path of the rays was analysed. Precautions were taken to obtain 
pure cathode rays, unmixed with retrograde canal rays, and the following re
sults were obtained. 

Cathode rays in air produce, as Lewis3 had concluded, chiefly the negative 
1 Phil. Mag., 14, p. 194, 1907. 
2 Abstract of a paper presented at the Chicago meeting of the Physical Society, Dec. 2, 1911. 
8 P. Lewis, Astrophysical Journal, 17, 258, 1903. 
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bands of nitrogen. Only the faintest trace of the positive bands is visible 
(3,000 volts). In hydrogen, they produce both the compound line and series 
line spectrum, but the latter is relatively much weaker than in the canal ray 
spectrum. In oxygen, they produce chiefly the negative bands XX 526, 560, 
586, as Wtillner1 reported, and also the spark lines and series triplets, though 
very faintly. 

Slow canal rays in air (1,000 volts) produce both the positive and negative band 
spectrum of nitrogen. In hydrogen, they seem to cause the emission, primarily 
of only the series spectrum. In oxygen, the spectrum produced shows very 
strong main series lines, XX 3,947 and 4,638, and fairly intense subordinate 
triplets. The variation in the relative intensity of the various groups of lines, 
produced in various ways, is shown in the table giving the average intensity 
of the lines of the various groups. 

Oxygen. 

Negative bands 
Spark lines 
X4368 
X3947 
1st subseries 
2nd subseries 

Very Slow 
Canal Rays. 

? 
4 

40 
25 
6 
2.5 

Canal Rays 
(2,000 v . ) . 

? 
4 

12 
8 
3 
1.3 

Canal Rays 
(5,000 v . ) . 

? 
4 
4 
2.5 
0.5 
0,3 

Cathode Rays 
(3,000 v . ) . 

20 
4 
4 
1 
0.4 
0.2 

The only transformations that can happen, due primarily to cathode rays, 
are ionization with and without dissociation. For velocities below a certain 
minimum, probably dissociation cannot be produced; when, therefore, slow 
cathode rays cause the emission of a single group of lines, that group may be 
confidently assigned to the positively charged molecule. 

We may conclude, then, that the negative bands of nitrogen and the negative 
bands of oxygen are emitted by the molecules of the respective gases as a 
result of ionization by cathode rays. Similarly, the positive bands of nitrogen 
and the series of triplets of oxygen are probably emitted by the molecules 
ionized by collision with canal rays. 

WISCONSIN, November 12, 1911. 

RAYS OF POSITIVE ELECTRICITY FROM THE WEHNELT CATHODE.2 

BY CHAS. T. KNIPP. 

THIS paper is a preliminary note and deals with the work done by the 
author at the Cavendish Laboratory on the measurement of elm and v 

when the hot lime cathode is used. The photographic method recently devised 
by J. J. Thomson in his study of Positive Rays was employed. In order to 
get photographic records of the positive ray spectrum, it was necessary to 
accelerate the rays. The points brought out are: 

1 A. Wtillner, Physicalische Zeitschrift, 1, 132, 1899. 
2 Abstract of a paper presented at the Chicago meeting of the Physical Society, Dec. 2,1911 
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1. The velocity of the carriers of positive electricity in the case of the hot 
lime cathode is not great enough to affect a photographic plate upon which 
they may strike. 

2. These slow moving particles can be accelerated at will, the minimum 
potential difference required to give them a sufficient velocity to affect the plate 
being about 500 volts per centimeter. 

3. There is secondary radiation present as well as primary—both straight 
lines and their continuations as parabolas are shown in a few of the photo
graphs. 

4. The value of e/m is the same for the various carriers (e. g., approximately 
1.00X104 for H, and .50X104 for i?2) as that found by J. J. Thomson in the 
case of positive rays formed by the ordinary perforated cathode with high 
potential discharge. 

5. The greater the acceleration the more clearly cut and well defined are the 
photographs, also the nearer the parabolas extend to the origin. 

6. The later photographs show a negative counterpart to some of the curves. 
7. The work thus far has been with residual air only. 

LABORATORY OF PHYSICS, 
UNIVERSITY OF ILLINOIS, 

Novembers 1911. 

CURRENT PRODUCED BY LIGHT IN A METALLIC FILM.1 

BY P. A. Ross. 

POYNTING has shown experimentally that when light is incident at an 
oblique angle on an absorbing body there is a tangential force as well as 

a normal pressure. He has also shown that this tangential force exists at a 
surface where refraction takes place. 

A totally reflecting body would have two equal and opposite tangential 
forces due to the incident and reflected beams. But since all bodies are imper
fect reflectors there must be in all cases where the light is incident at an oblique 
angle a differential tangential force. 

Since the electrons are apparently the cause of the phenomena of reflection, 
refraction, and absorption, it must be that this tangential force is exerted upon 
the electrons. In a nonconductor this would result in a slight displacement 
of the electrons but in a metal where they are free to move it should result in 
a drift of electrons along the metallic surface in the direction of the force, and 
an "eddying'* back through the metal at a depth greater than the penetration 
of the light. 

Then by taking a film of metal thin enough to be transparent we ought to 
be able to prevent a part of this "eddying" back and the light beam ought to 
drive the electrons before it and build up a negative potential at one end of 
the film. 

The first experiment was made with a gold film deposited by a cathode dis
charge. The film was about one fifth light wave in thickness, one centimeter 

1 Abstract of a paper presented at the Chicago meeting of the Physical Society, Dec. 2,1911. 
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wide, and four centimeters long. The film was deposited on plate glass. Cop
per wires were soldered to two screw pinch cocks and these were screwed down 
tightly at each end of the plate on tin foil cushions over the gold film. The 
resistance of the gold film and connections was 3.01 ohms. The film was then 
connected to a D'Arsonval galvanometer (resistance 91.7 ohms, constant 
2.56 XIo~10 amp./cm.). The film was placed on the table of a spectrometer 
and a beam of sunlight from a heliostat concentrated on the film by means of 
a lens. The arrangement of the film and connections with respect to the beam 
of light was as symmetrical as possible in order to avoid thermal currents as 
much as possible. The beam illuminated the whole width but only about one 
centimeter of the length of the film. In no case did the light strike the con
nections. 

The film was first placed normal to the beam. There was a slight wandering 
of the galvanometer (about .1 cm.) but it soon returned to its original null 
point. With the beam incident at 300 a constant deflection of .15 cm. was 
produced. With the light incident at 300 on the other side of the normal the 
galvanometer showed a constant deflection of .15 cm. on the other side of the 
null point. In each case the current corresponded to a flow of negative elec
tricity in the direction of the tangential force due to the light. At 450 the 
deflection was .20 cm. At 6o° the deflection was .28 cm., and at 700 it was 
.30 cm. In each case the galvanometer deflection could be reversed instantly 
by shifting the beam to the other side of the normal. 

The same experiments were tried with ordinary gold leaf and with a copper 
film deposited by a cathode discharge. The results are given below together 
with the current and E.M.F. produced by the beam. I t will be seen that the 
deflections are roughly proportional to the sine of the angle of incidence. 

Film. 

Gold (cathode) 

Gold (leaf) 

Copper (cathode) 

Resistance. 

3.01 ohms 

2.85 ohms 

2.6 ohms 

Angle of 
Incidence. 

0° 
30° 
45° 
60° 
70° 

0° 
30° 
45° 
60° 
70° 

0° 
30° 
45° 
60° 
70° 

Deflection of 
Gal v., Cm. 

0 
.15 
20 

.28 

.30 

0 
.13 
.18 
.23 
.25 

0 
.20 
.28 
.35 
.40 

Current, 
Amperes. 

7.7X10-" 

6.4 X 1 0 - " 

1X10"10 

E.M.F., Volts. 

7.3X10-» 

6.06X10-8 

9.4X10-9 

STANFORD UNIVERSITY. 

Occtober 2, 1911. 
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T H E MEASUREMENT OF INDUCTANCES AND CAPACITIES WITH THE THOMSON 

DOUBLE BRIDGE.1 

BY S. J. BARNETT. 

WHILE the Thomson double bridge has been used extensively for the 
measurement of resistances, especially small resistances, it does 

not appear to have been used hitherto for measurements of inductances or 
capacities. For these it is often at least as convenient as the ordinary bridge, 
and in some cases it offers important advantages. 

1. For the comparison of two self-inductances L and N, the bridge is arranged 
as in Fig. I, conventional symbols designating resistances, inductances, etc. 
When balances have been obtained for both steady and variable currents, 
LjN = A/B( = ajb). The branches C and D may be either inductive or 
non-inductive. The bridge compares the effective inductance between the 

points I and 2 with that between the points 3 and 
4. The inductance of the leads is eliminated. The 
inductance of the central part of a long solenoid 

N traversed by a uniform current, which is simple to 
calculate, may be compared with any other induc
tance, provided that, as is usually the case, A + B 
and a+b are sufficiently large to insure that the cur

rent in all parts of the solenoid is practically the same. 

2. To compare a self-inductance and a capacity, the branch 34 is made non-
inductive, non-inductive variable resistances r and R are introduced between 
the galvanometer terminals and the points 5 and 6 respectively, and condensers 
with capacities sand S are inserted between the upper and lower galvanometer 
terminals and the points 3 and 4 respectively. A double balance will be ob
tained when P/Q = A/B ( = alb), S/s = r/R - a/A, and L = SQ[A + (A + B) 
IB-R]. 

3. To compare the mutual inductance M of two coils M and L with the 
self-inductance L of one of them, L, L is inserted as in the figure, the branch 
34 is made non-inductive, and M in series with an adjustable rheostat is in
serted between the points 2 and 4. When the double balance has been ob
tained, M/ L=WI[P+Q+(a+b) C/(a+b+ Q], W designating the total resist
ance through M between the points 2 and 4. 

4. To determine a self-inductance by comparison with a resistance and a 
time, one of the coils L in the figure is shunted with a non-inductive resistance 
Z, and a balance is obtained with an alternating current supply of frequency 
n. Then 

L* = [Q(P + Zy - PZ(P + Z)B/A]I[4TV(ZBIA - 0 ] , 
and 

N2 = [Q - ZPB/A(P + Z)](ZB/A - Q)l^n\ 
1 Abstract of a paper presented at the Chicago meeting of the Physical Society, Dec. 2, 

1911. 
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If the inductance under investigation is of the kind referred to in the last part 
of i, it must obviously take the place of the unshunted coil N in the bridge. 

5. To compare two capacities, the coils L and N are replaced by the two 
condensers with capacities S and S' respectively. When a balance has been 
obtained, 5 / 5 ' = BjA. 

Methods (1), (2), (4) and (5) are strictly zero methods. In method (3), 
however, only the time integral of the current in the branch 56 vanishes, in 
general, when the key in branch D is opened or closed. A correponding zero 
method is easily developed, but the experimental adjustments are more 
troublesome. 

In all the above methods the positions of the generator and detector may be 
interchanged without altering the balance. If the points 1, 3, and 5 are made 
to coincide, these methods (and many other double bridge methods which will 
immediately suggest themselves) reduce to well known Wheatstone bridge 
methods. The double bridge methods described hefe have all been tested 
in this laboratory, and the theoretical formulae have been verified experi
mentally, but the bridge has been used only in the ordinary form in which 
A = a. 

THE PHYSICAL LABORATORY, 
THE OHIO STATE UNIVERSITY. 

A DETERMINATION OF THE RATIO OF THE SPECIFIC HEATS FOR AIR 

AND CARBON DIOXIDE.1 

BY H. W. MOODY. 

T N this work, use was made of the law of adiabatic expansion, 

MP*7-1-(it)*' 
from which we have 

log pi/pi 
7 " log pi/pt - log Wi 

The method is, in essentials, similar to that used by Lummer and Pring-
sheim, save that a thermocouple was used in determining the temperature 
after expansion. A thermocouple of mil copper and constantan wire was 
employed as a part of a potentiometer system. 

The results show a higher degree of concordance than has been noticed in 
other determinations by this method, where a bolometer strip or platinum 
thermometer was used for measuring 02. 

The corrected mean of a series of determinations gives for air, at 250 C. 
y = 1.401, and for carbon dioxide, at the same temperature, y = 1.300. In 
these, it is thought that the probable error does not exceed =*= .0005. 

1 Abstract of a paper presented at the Chicago meeting of the Physical Society, Dec. 2, 
1911. 
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T H E INTENSITY FACTORS IN THE BINAURAL LOCALIZATION OF SOUND.1 

BY G. W. STEWART. 

THE "intensity theory" is usually regarded as the ratio of the sound 
intensities at the two ears. 

Occasionally reference is made to the differences of intensity. 
The "intensity theory" has played a prominent part in the various studies 

that have been made of the binaural localization of sound. From the writer's 
theoretical results of the acoustic shadow of a rigid sphere, with the sound 
located at a distance of 477 cm. and the wave length varied from 240 cm. to 
30 cm., the intensities at the two ears are determined. The computations 
are made for different positions of the head rotating about an axis perpendicular 
to the aural axis, and the differences, ratios and sums of the intensities at the 
two ears ascertained. The sum of intensities is proposed as the chief intensity 
factor. If this be correct, then there must be a wave length about 60 cm. in 
length which is the most easily localized when placed in front of the hearer. 
Experiment in the open shows that this is the case. Neither the differences 
of the intensities nor the ratios can account for this fact. Further, the facts 
that have been ascertained by physicists and psychologists, especially threshold 
observations and distance perceptions in the horizontal plane, give a prepon
derance of evidence in favor of the sum of intensities as the principal intensity 
factor. This does not mean that the psychologist should abandon a considera
tion of the separate intensities or their differences and ratios, for all these must 
be given due weight. Other physical factors entering into the binaural 
localization of sound are not discussed. 

A METHOD OF MEASURING THE EFFECTIVE CAPACITY 

OF HIGH TENSION CABLES.1 

BY G. W. STEWART AND D. M. TERWILLIGER. 

THE already known method of utilizing the partial capacities (in the case 
of a polyphase cable) is utilized, but the partial capacities are computed 

from the observations of a quadrant electrometer before and after dividing 
its charge with the cable. The method therefore depends upon the calibration 
and capacity of the electrometer. The results show that the effective capacity 
of a very short piece of cable, less than 50 cm., can be measured with an ac
curacy of three per cent. 

The manufacturers of the cable tested state that the ballistic galvanometer 
method shows a temperature variation of from 10 per cent, to 50 per cent. 
between 6o° and 8o° F., but the writers found no perceptible variation of the 
effective capacity between 230 C. and 500 C. 

The method here proposed eliminates practically all the effect of absorption. 
The other advantage is the requirement for only a short piece of the cable. 

1 Abstract of a paper presented at the Chicago meeting of the Physical Society, Dec. 2,1911. 
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T H E ELECTRON THEORY OF METALLIC CONDUCTION.1 

BY O. W. RICHARDSON. 

THE first part of this paper describes the results of an investigation under
taken in order to obtain information about the law of force which governs 

the collisions of electrons in metals. Lorentz has shown how to calculate 
the electric and thermal conductivities, without neglecting the complications 
which arise from the Maxwell distribution of velocity, on the assumption 
that the collisions occur with particles which can be treated as immovable 
elastic spheres. A very similar calculation can be carried out if the elastic 
spheres are replaced by immovable centers of force. One finds, in fact, for 
the electric conductivity cr, 

r 
3 *» 

(rh + O 4*", e2 . a =z-1-k A, (i) 

5 — 1 

for the thermal conductivity T, 

(rh + ») r^^L^ L.At [2} 
3" »rh + » 

and for the ratio of the two 

I e 
In these formulae, 

TI.—2-£». 

&{' k"1 = 4?rw I— J8"1 I sin2 dada, (4) 

n is the number of centers in unit volume, the repulsive force exerted by a 
center on an electron at distance d from it is + K/d8

i the integral in (4) has 
the meaning attributed to the same integral by Maxwell (Scientific Papers, 
Vol. 2, p. 36), R is the constant in the equation pv = R6 reckoned for a single 

molecule and I \ £ + 1) = I e~*xpdx. The other symbols have the meaning 

assigned to them by Lorentz (Theory of Electrons, p. 267). 
Since experiment shows that for all the good conductors T/c = $R?$le\ 

we conclude that s = 3, so that the collisions take place with centers which 
exert forces on the electrons varying as the inverse third power of the distance. 
A similar conclusion has been reached by Sir J. J. Thomson from a comparison 
of the electro-magnetic energy radiated by the electrons, during their colli
sions, with the experimental measures of the radiation from a black body 
(Phil. Mag., Vol. 14, p. 217, 1907; Vol. 20, p. 238, 1910). The strength (K) 
of the centers deduced by Thomson from the constants in the radiation 
formula is of the same order of magnitude as that which I have deduced from 

1 Abstract of a paper presented at the Chicago meeting of the Physical Society, Dec. 2, 1911. 
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the values of the electrical and thermal conductivities of the good conductors. 
The comparison indicates that the centers of force are parts of the atom 
rather than the whole of it. 

The second part of the paper gives a new and apparently exact, thermodynam-
ical calculation of the equilibrium pressure p of the electrons emitted by a 
conductor. The value found is 

£ = i i ^ Y - i « - * • - — J -dd. (5) 

Here 6 is the absolute temperature, R has the same meaning as in (3), 7 is 
the ratio of the two specific heats of the electrons, <r is the specific heat of 
electricity in the material of the conductor (Thomson effect), o> is the internal 
latent heat of evaporation of one electron and A\ is a quantity which is char
acteristic of the substance and independent of the temperature. 

PALMER PHYSICAL LABORATORY, 

PRINCETON, N. J. 

T H E CHARGES ON THERMIONS PRODUCED IN AIR AND HYDROGEN 

AT ATMOSPHERIC PRESSURE.1 

BY J. C. POMEROY. 

THE value of Net where N is the number of molecules of any gas under 
standard conditions and e the charge on an ion, has been determined 

for these ions by Townsend's method (Roy. Soc. Proc. A., Vol. 81, p. 464). 
The results indicate that at low temperatures both the negative and the positive 
ions have the electronic value of Ne but as the temperature is raised an in
creasing proportion of the carriers have a value of Ne equal to twice the 
electronic value. At a white heat, apparently, all the ions, whether positive 
or negative, carry a charge equal to twice the electronic value. 

PALMER PHYSICAL LABORATORY, 

PRINCETON, N. J. 

O N THE RELATION BETWEEN PRESSURE SHIFT AND WAVE-LENGTH.1 

BY HENRY G. GALE AND WALTER S. ADAMS. 

WORKING in the laboratory of Mount Wilson Solar Observatory we 
have found that the lines of the iron spectrum may be divided into 

four groups on the basis of their behavior under pressure. The "flame" lines 
form group a and are characterized by small shifts. The remaining lines of 
comparatively small shift form group b, a large and probably complex group. 
Criteria are at present lacking for separating it into smaller groups. Group c 
consists of two clusters of lines, one in the violet and one in the blue-green. 
The displacements are distinctly larger than for group b. Group d consists of 

1 Abstract of a paper presented at the Chicago meeting of the Physical Society, Dec. 2t 

1911. 
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the lines which show very great displacements, unsymmetrically broadened 
o 

toward the red, sometimes extending for 5 Angstroms from the maximum. 
The precision of measurement is necessarily low for such lines. 

The various groups divide naturally into clusters. The group, number of 
lines in a cluster, the average wave-length, and the average displacement in 
Angstrom units produced by a pressure of 8 atmospheres are shown in the 
following table. The last two columns give the observed minus the computed 
values of the shifts, assuming first that the shift is proportional to the square 
of the wave-length and finally that it is proportional to the cube of the wave
length, 

Group. 

a 

b 

c 

d 

No. of Lines. 

17 
5 
19 

27 
29 
27 

11 
10 

4 
15 
5 

Mean A. 

3813 
4409 
5398 

3791 
4287 
6292 

4395 
4902 

4249 
5498 
6339 

Mean A. 

0.0105 
.0158 
.0292 

.0164 

.0219 

.0719 

.0547 

.0803 

.09 

.14 
0.25 

Residuals (Obs.-Comp.). 

/A\ 2 

M*)" 
-0.0032 
- .0025 
+ .0017 

- .0072 
- .0083 
+ .0069 

- .0058 
+ .0051 

- .01 
- .02 
+0.04 

/A\ 8 

*-(£)-
+ 0.0002 
- .0001 
- .0001 

+ .0007 
- .0008 
+ .0001 

- .0020 
+ .0016 

+ .02 
- .01 
+ 0.01 

The average relative displacements for the four classes, reduced to the same 
wave-length, are 

a b e d 
1 1.5 3.4 6.6 

The results show conclusively that in the spectrum of iron, within the 
limits of observational error, the shift is proportional to the cube of the 
wave-length. 

In the case of titanium we have been unable to disentangle the various 
groups which probably exist. The enhanced lines, however, show conspicu
ously large shifts, often fully 50 per cent, larger than the neighboring arc lines. 
There are, however, exceptions, 4338.084 and 4443.976 showing smaller 
displacements than the neighboring arc lines. Except in the ultra-violet the 
enhanced lines are all unreversed in the arc at a total pressure of 9 atmospheres. 
They are broad, diffuse and difficult to measure. There are a few lines also 
which give displacements of the order of 0.2 Angstrom and are undoubtedly 
of the same nature as the d group of iron. Omitting these lines and the 
enhanced lines and taking the simple mean displacement at various parts of 
the spectrum we have the following result. 
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Region. 

3700-4700 
4700-5700 
5700-6850 

Number of 
Lines. 

115 
100 
38 

Mean A. 

4288 
5142 
6127 

Mean A. 

0.0250 
.0344 

0.0440 

Residuals (Obs.-Comp.). 

- a r < 
+0.0016 
+ .0008 
-0.0038 

Ma,« 
0.0064 
.0023 

0.0102 

The last two columns indicate that in the case of titanium the pressure shift 
is proportional to the square, rather than the cube of the wave-length. 

We have also made a few measurements on some of the series lines of calcium 
at the same pressure of 9 atmospheres (total). The second subordinate series 
contains a triplet in the violet beginning at 3949 and another in the red at 
6,102. The red lines are of fairly good quality for measurement, but the 
violet lines are extremely poor. We have, however, succeeded in obtaining a 
few measures on two of them. The results follow: 

A 

3957.177 
3973.864 

6102.937 
6122.434 
6162.390 

A 

0.081 
.085 

.139 

.136 
0.137 

Number of Plates. 

3 
3 

2 
2 
3 

averaging 
Mean A Mean A Obs.-Comp. 
3965 0.083 —.003 
6129 0.137 +.004 

The relation between displacement and wave-length is clearly very nearly 
a linear one, and in the last column we have given the residuals on such an 
hypothesis. Although these lines do not permit a high degree of precision in 
measurement, it is hardly possible that the errors are so large as to admit of a 
law containing the second power of the wave-length, much less the third. 

Although the results for titanium and calcium are not so conclusive as those 
for iron on the law relating displacement to wave-length, there is perhaps 
sufficient evidence to warrant a reference to the chemical relationship of these 
three elements. Calcium, titanium and iron appear in the second, fourth, and 
eighth groups of the Mendelejeff table, with atomic weights of 40, 48 and 56, 
and atomic volumes of 25, 13 and 7, respectively. It is perhaps conceivable 
that the variation of pressure displacement with wave-length should be dif
ferent for different elements, being a function of the atomic weight. It is 
interesting to note in this connection that Duffield has suggested a third 
power law for gold and silver, which are in the iron group, and that Rossi, 
in connection with his recent work on vanadium, which is in the fifth group, 
concludes that " the displacement seems roughly proportional to the square 
or a higher power of the wave-length." 

We are greatly indebted to Miss Lasby for the measurement of many 
plates, and for continued interest throughout the work. 
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